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FLUID FEEDING APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates to an apparatus for feeding, 
in ?uid form, a compound or composition source Which is 
susceptible to contamination, decomposition or denaturation 
on contact With the outer environment such as the atmo 
sphere or light. More particularly, it relates to a raW material 
feeding apparatus capable of protecting the raW material 
against in?uences of the outer environment through cleaning 
and drying operations. 

[0003] 2. Description of the Related Art 

[0004] RaW materials used in chemical vapor deposition 
(CVD) or atomic layer deposition (ALD) processes, Which 
are called precursors, are reactive With Water, oxygen, car 
bon dioxide or light, including silicon compounds, phos 
phorus compounds, boron compounds, metal compounds, 
and mixtures thereof. Such a raW material easily produces a 
solid phase deposit in pipes and valves on contact With the 
outer environment When the container of the raW material is 
attached or detached. The solid phase deposit in?uences 
vapor delivery and vapor phase groWth reaction or adversely 
affects semiconductor thin ?lm quality. Asolid phase deposit 
of highly reactive materials such as alkyl metal compounds 
can ignite or explode. In analysis processes, such as liquid 
chromatography and gas chromatography, if a substance 
under analysis undergoes the outer environmental in?uences 
markedly, accurate analysis is not expected. 

[0005] In the above-exempli?ed processes for production 
or analysis dealing With a ?uid form source susceptible to 
contamination, decomposition or denaturation on contact 
With the outer environment, it has been demanded to estab 
lish a method of preventing the source from generating a 
decomposition or reaction product harmful to the process or 
a method of completely removing the decomposition or 
reaction product. 

[0006] To address the problem, the folloWing techniques 
have been proposed. JP-A-2001-108199 discloses a method 
in Which a container for raW material delivery is used With 
a piping and valving con?guration designed to enable purg 
ing any raW material remaining in the system With a ?uid. 
JP-A-6-244120 also proposes a raW material feed system 
With a piping and valving con?guration designed to enable 
purging and evacuation of the system. JP-A-2002-343719 
discloses a feed system comprising a raW material container, 
a cleaning ?uid container, and a container for a used 
cleaning ?uid, the piping of Which is easily purged and 
evacuated. These related techniques, hoWever, do not bring 
about satisfactory solutions to the outstanding problem. 

SUMMARY OF THE INVENTION 

[0007] An object of the present invention is to provide a 
?uid feeding apparatus capable of excluding the outer envi 
ronmental in?uences in feeding a ?uid susceptible to con 
tamination, decomposition or denaturation on contact With 
the outer environment. 

[0008] As a result of extensive investigations, the present 
inventors have found that the above object is accomplished 
by a ?uid feeding apparatus comprising at least one source 
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container, a container for a cleaning and/or diluting liquid, 
and a collection container for a Waste liquid and having 
pipes and valves located at speci?c positions. The present 
invention has thus been completed based on this ?nding. 

[0009] The ?uid feeding apparatus of the present invention 
comprises at least one source container for a source that is 

a ?uid or capable of generating a ?uid, at least one cleaning 
and/or diluting liquid container for a liquid for cleaning the 
inside of the feeding apparatus and/or diluting the source, at 
least one collection container for the liquid used for clean 
ing, at least one inert gas feed pipe A, at least one inert gas 
feed pipe B, at least one evacuation pipe connecting to a 
vacuum source, and at least one ?uid feed pipe for delivering 
the ?uid to a process. The source container has container 
pipes C-1 and C-2 both led into the inside thereof. The 
container pipe C-1 has a valve 1 and a valve 4 arranged 
therein at positions nearer to and farther from the source 
container, respectively. The container pipe C-2 has valves 2 
and 5 arranged therein at positions nearer to and farther from 
the container, respectively. The path betWeen the valves 1 
and 4 and the path betWeen the valves 2 and 5 are connected 
via a connecting pipe C having a valve 3. The cleaning 
and/or diluting liquid container has container pipes S-1 and 
S-2 both led into the inside thereof. The container pipe S-1 
has a valve 12, and the container pipe S-2 has a valve 13. 
The container pipes S-1 and S-2 are connected to each other 
at positions farther from the container than the valves 12 and 
13, respectively, via a connecting pipe S having a valve 14. 
The collection container has container pipes W-1 and W-2 
both led into the inside thereof. The container pipe W-1 has 
a valve 17, and the container pipe W-2 has a valve 18. The 
container pipes W-1 and W-2 are connected to each other at 
positions farther from the container than the valves 17 and 
18, respectively, via a connecting pipe W having a valve 19. 
The inert gas feed pipe A has a valve 15 and is connected to 
the container pipe S-1 via a joint S-1. The evacuation pipe 
has a valve 21 and is connected to the container pipe W-2 via 
a joint W-2. The inert gas feed pipe B is connected to the 
valve 4 via a joint C-1. The inert gas feed pipe B has valves 
6 and 9 at positioned nearer to and farther from the joint C-1, 
respectively. The ?uid feed pipe is connected to the valve 5 
via a joint C-2. The ?uid feed pipe has valves 7 and 10 
arranged therein at positions nearer to and farther from the 
joint C-2, respectively. The valve 13 and the valve 17 are 
connected via a joint S-2 nearer to the container pipe S-2, 
through an S-W line, and via a joint W-1 nearer to the 
container pipe W-1 in this order. The S-W line has valves 16, 
22, and 20 arranged therein in the order of from the nearest 
to the farthest from the joint S-2. The path of the S-W line 
betWeen the valves 16 and 22 and the path of the inert gas 
feed pipe B betWeen the valves 6 and 9 are connected via a 
connecting pipe C-S having a valve 8. The path of the S-W 
line betWeen the valves 20 and 22 and the path of the ?uid 
feed pipe betWeen the valves 7 and 10 are connected via a 
connecting pipe C-W having a valve 11. 

[0010] The present invention provides a ?uid feeding 
apparatus capable of excluding the outer environmental 
in?uences in delivering a ?uid susceptible to contamination, 
decomposition or denaturation on contact With the outer 
environment. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a ?oW chart illustrating a con?guration of 
the ?uid feeding apparatus of the invention Which has one 
source feed line. 

[0012] FIG. 2 is a ?oW chart illustrating a con?guration of 
the ?uid feeding apparatus of the invention Which has tWo 
source feed lines. 

[0013] FIG. 3 is a ?oW chart shoWing the ?oW path for a 
source in the step of source feeding in the ?uid feeding 
apparatus of FIG. 1. 

[0014] FIG. 4 is a ?oW chart shoWing the path for col 
lecting the source in the step of cleaning in the ?uid feeding 
apparatus of FIG. 1. 

[0015] FIG. 5 is a ?oW chart indicating the ?oW path of a 
cleaning liquid in the step of cleaning in the ?uid feeding 
apparatus of FIG. 1. 

[0016] FIG. 6 is a ?oW chart shoWing the ?oW path of an 
inert gas in the step of gas purging in the ?uid feeding 
apparatus of FIG. 1. 

[0017] FIG. 7 is a ?oW chart shoWing the path for an inert 
gas for expelling the air after exchange of source containers 
in the ?uid feeding apparatus of FIG. 1. 

[0018] FIG. 8 is a ?oW chart illustrating the ?oW path for 
an inert gas for removing the residual cleaning liquid before 
exchange of cleaning liquid containers and the ?oW path for 
removing the air after the exchange of cleaning liquid 
containers. 

[0019] FIG. 9 is a ?oW chart illustrating the ?oW of an 
inert gas in the step of additional cleaning in the ?uid 
feeding apparatus of FIG. 1. 

[0020] FIG. 10 is a ?oW chart shoWing the ?oW path of a 
cleaning liquid in the step of additional cleaning in the ?uid 
feeding apparatus of FIG. 1. 

[0021] FIG. 11 is a ?oW chart shoWing the ?oW path for 
transferring the mixed liquid of the source container to the 
collection container in the step of additional cleaning in the 
?uid feeding apparatus of FIG. 1. 

[0022] FIG. 12 schematically illustrates an example of the 
?uid feeding apparatus of the invention, in Which tWo 
sources are fed through the respective lines. The constituent 
parts indicated by the numerical references in FIG. 12 are as 
folloWs. 

[0023] No./Constituent part 

[0024] 1/Block valve 1 (valves 12, 13 and 14) 

[0025] 2/Block valve 2 (valves 15 and 16) 

[0026] 3/Block valve 3 (valves 1, 2, 3, 4, and 5) 

[0027] 4/Block valve 4 (valves 6 and 7) 

[0028] 5/Block valve 5 (valves 1‘, 2‘, 3‘, 4‘, and 5‘) 

[0029] 6/Block valve 6 (valves 6‘ and 7‘) 

[0030] 7/Block valve 7 (valves 17, 18 and 19) 

[0031] 8/Block valve 8 (valves 20 and 21) 

[0032] 9/Mass ?oW meter 1 

[0033] 10/Mass ?oW meter 2 
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[0034] 11/Mass ?oW meter 3 

[0035] 12/Gas treating agent 

[0036] 13/Pressure transmitter 

[0037] 14/Load cell 

[0038] 15/FloW control valve 1 

[0039] 16/FloW control valve 2 

[0040] 17/FloW control valve 3 

[0041] 18/FloW control valve 4 

[0042] 19/Double three-Way valve 1 (valves 22 and 23) 

[0043] 20/Double three-Way valve 2 (valves 8 and 9) 

[0044] 21/Double three-Way valve 3 (valves 10 and 11) 

[0045] 22/Double three-Way valve 4 (valves 8‘ and 9‘) 

[0046] 23/Double three-Way valve 5 (valves 10‘ and 11‘) 

[0047] 24/Pressure gauge 1 

[0048] 25/Pressure gauge 2 

[0049] 26/Pressure gauge 3 

[0050] 27/Automatic valve 1 

[0051] 28/Automatic valve 2 

[0052] 29/Automatic valve 3 

[0053] 30/Automatic valve 4 

[0054] 31/Automatic valve 5 

[0055] 32/Automatic valve 6 

[0056] 33/Automatic valve 7 

[0057] 34/Automatic valve 8 

[0058] 35/Manual valve 1 

[0059] 36/Manual valve 2 

[0060] 37/Manual valve 3 

[0061] 38/Cleaning liquid container 

[0062] 39/Source container 1 

[0063] 40/Source container 2 

[0064] 41/Collection container 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0065] The basic structure of the ?uid feed apparatus of 
the invention is composed of the container units (including 
the source container, cleaning and/or diluting liquid con 
tainer, and collection container), valve units, and joint units. 
The apparatus may have additional piping members, such as 
connecting pipes and linking pipes, disposed betWeen the 
basic units for adjusting the distance betWeen units. The 
apparatus may have tWo or more source containers, tWo or 
more cleaning and/or diluting liquid containers, and tWo or 
more collection containers. The apparatus of the invention 
Which has the simplest structure, i.e., having one source 
container, one cleaning and/or diluting liquid container, and 
one collection container is diagrammatically represented in 
FIG. 1. The apparatus shoWn in FIG. 1 is for feeding liquid 
as a ?uid. 
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[0066] When the apparatus has tWo or more containers of 
a kind, as many lines as the containers are disposed in 
parallel, each of the lines including one of the containers and 
associated piping and valving. Taking an apparatus having 
tWo or more source containers for instance, tWo source feed 
lines, each represented by the line surrounded by the dotted 
line in FIG. 1, are arranged in parallel, Which is diagram 
matically illustrated in FIG. 2. 

[0067] According to necessity, the ?uid feed apparatus can 
have additional piping and valving members in its con?gu 
ration, such as valves, branching pipes, by-pass pipes, and 
drain pipes, and members for process control or mainte 
nance, such as a pressure gauge, a pressure transducer, a 
pressure controller, a vacuum controller, a residual amount 
measuring instrument, a leak sensor, an ejector, a mass ?oW 
controller (MFC) or a mass ?oW meter (MFM), a ?lter, and 
a ?oW controller for a gas puri?er. The ?uid feed apparatus 
may further have a heater and a heat controller for heating 
the system partly or Wholly to increase the inside cleanness. 

[0068] The heater can be installed to heat, for example, the 
S-W line, the connecting pipe C-W, or the valves 6, 7, 8, 9, 
10, 11, 15, 16, 20, and 22. The heating temperature is set 
freely according to the material of the apparatus and the ?uid 
to be heated but usually ranges from 30° to 300° C., 
preferably 50° to 150° C. 

[0069] Each of the containers may have an auxiliary port 
serving for the maintenance of the container, such as a ?ll 
port or an exhaust port, and may be equipped With a pressure 
gauge, a level meter, a residual amount measuring instru 
ment, etc. In order to protect a vacuum pump (vacuum 
source) at the doWnstream end of the evacuation pipe, it is 
advisable to put in an absorbent or adsorbent for trapping the 
source material or the cleaning and/or diluting liquid (e.g., 
a solvent) upstream the vacuum pump. Useful absorbents or 
adsorbents include activated clay, active alumina, natural or 
synthetic Zeolite, molecular sieves, and activated carbon. 

[0070] The members making up the apparatus, such as the 
containers, valves, joints, and pipes should be made of 
materials that shut off the outer environmental factors caus 
ative of contamination, decomposition or denaturation of the 
?uid and are inert to the ?uid. 

[0071] Such materials include synthetic resins, such as 
?uororesins (e.g., Te?on), silicones, polyole?ns (e.g., poly 
ethylene and polypropylene), polyamides (e. g., nylon), poly 
esters (e.g., polyethylene terephthalate), polyurethanes, and 
polyvinyl chloride; metal or metal alloys, such as austenitic 
stainless steels (e.g., SUS 316, 316L, 304, 304L, 317, and 
317L), ferritic stainless steels (e.g., SUS 405, 410, and 430, 
and TP 409), duplex stainless steels (e.g., SUS 329), nickel 
alloys (e.g., Hastelloy), titanium, and aluminum; glasses 
including common glass and quartZ glass; and ceramics, 
such as alumina, titania, Zirconia, tantalum nitride, silicon 
nitride, and titanium nitride. These materials can be used 
either individually or as a combination thereof. The inner 
surface of the members may be coated With an inert material 
such as Te?on or glass, Which depends on the material or the 
desired precision. 

[0072] In CVD or ALD applications, the members are 
preferably made of stainless steel, Which is resistant to high 
degrees of vacuum and suited to maintain cleanness. In order 
to prevent particle generation, metal leaching, and release of 
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impurities such as Water from the members, it is preferred 
that the surface of the members that is to be brought into 
contact With a ?uid be ?nished by buf?ng, electrolytic 
polishing or high-precision polishing exempli?ed by elec 
trochemical buf?ng (ECB) or mechanochemical polishing 
(MCP) technologies that combine chemical polishing With 
electrolytic or mechanical polishing, folloWed by precision 
cleaning, folloWed by thorough drying. If desired, the sur 
face may be subjected to a secondary cleaning treatment, 
such as oZone passivation, oxygen/heat passivation or ?uo 
rine passivation. 

[0073] Valves that can be used in CVD or ALD applica 
tions include plastic diaphragm valves, all-metal diaphragm 
valves, belloWs valves, ?oW control valves, needle valves, 
ball valves, angle valves, butter?y valves, and gate valves. 
A plurality of valves may be connected or stacked into a 
monoblock valve or a stack valve. The valves may be 
air-driven or electricity-driven and controlled manually or 
automatically. 
[0074] Stainless steels, such as SUS 316L, AOD- or 
VOD-processed single-melt or VIM- or VAR-processed 
double-melt materials, are suited for piping in CVD or ALD 
applications. Clean pipes Whose inner surface has at least the 
cleanness of BE (bright annealed) pipes, preferably EP 
(electropolished) pipes or higher cleanness are used. In 
applications requiring high anticorrosion, the inner surface 
of the pipes can be passivated by oxidation or ?uorination, 
if necessary. Connection betWeen pipes or betWeen a pipe 
and a ?tting is preferably conducted by automatic butt 
Welding in a clean atmosphere. 

[0075] Connection systems for the joints and connections 
of valving and piping With ?ttings in CVD and ALD 
applications include NW, KW, ICF, ISO, sWagelock, VCR, 
UJR, CVC, MCG, UPG, Super JSK, and VTF. For appli 
cations to the parts that are to come into contact With a 

source (?uid), a cleaning liquid and an inert gas, it is 
preferred to use connectors or ?ttings that hardly generate 
particles When clamped and minimiZe the dead space, such 
as VCR, UJR, CVC, MCG, UPG, and Super JSK. In 
connecting tWo mono-block valves, a planar sealing system 
conforming to SEMI 2787, such as AG gasket connection or 
NT gasket connection, can be used in addition to the 
above-enumerated connection system. 

[0076] The ?uid that can be fed by the ?uid feeding 
apparatus is gas or liquid, Which may exist in the form of 
solid, liquid or gas in the source container. Where the source 
in the source container is solid, it is converted into a ?uid by 
liquefaction or vaporiZation. In CVD or ALD applications, 
the ?uid supplied from the apparatus through the ?uid feed 
pipe may be delivered directly to a CVD or ALD chamber 
as a raW material of thin ?lm formation or once transferred 

to a re?ll tank (buffer tank). 

[0077] The ?uids fed by the ?uid feeding apparatus in 
CVD or ALD applications include silicon compounds, phos 
phorus compounds, boron compounds, metal compounds, 
and mixtures or solutions thereof. Metal atoms of the metal 
compounds include the Group 1 elements, e.g., lithium, 
sodium, potassium, rubidium, and cesium; the Group 2 
elements, e.g., berylium, magnesium, calcium, strontium, 
and barium; the Group 3 elements, e.g., scandium, yttrium, 
lanthanides (i.e., La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Th, Dy, 
Ho, Er, Tm, Yb, and Lu), and actinoid elements; the Group 
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4 elements, e.g., titanium, Zirconium, and hafnium; the 
Group 5 elements, e.g., vanadium, niobium, and tantalum; 
the Group 6 elements, e.g., chromium, molybdenum, and 
tungsten; the Group 7 elements, e.g., manganese, techne 
tium, and rhenium; the Group 8 elements, e.g., iron, ruthe 
nium, and osmium; the Group 9 elements, e.g., cobalt, 
rhodium, and iridium; the Group 10 elements, e.g., nickel, 
palladium, and platinum; the Group 11 elements, e.g., cop 
per, silver, and gold; the Group 12 elements, e.g., Zinc, 
cadmium, and mercury; the Group 13 elements, e.g., alu 
minum, gallium, indium, and thallium; the Group 14 ele 
ments, e.g., germanium, tin, and lead; the Group 15 ele 
ments, e.g., arsenic, antimony, and bismuth; and the Group 
16 elements, e.g., polonium. 

[0078] The silicon compounds, phosphorus compounds, 
boron compounds, and metal compounds are not particularly 
limited as long as they are volatile enough for CVD or ALD 
applications. Ligands that are bonded to silicon, phosphorus, 
boron or the above-recited metal atom to make the com 
pounds include halogens, e.g., chlorine, bromine and iodine; 
alkanes, e.g., methane, ethane, propane, 2-propane, and 
butane; monoalkylamines, e.g. monomethylamine, monoet 
hylamine, and monobutylamine; dialkylamines, e.g., dim 
ethylamine, diethylamine, ethylmethylamine, dipropy 
lamine, diisopropylamine, dibutylamine, and di-tert 
butylamine; silylamines, e.g., trimethylsilylamine and 
triethylsilylamine; alkanimines, e.g., methanimine, etha 
nimine, propaniminne, 2-propanimine, butanimine, 2-buta 
nimine, isobutanimine, tert-butanimine, pantanimine, and 
tert-pentanimine; cyclopentadienes, e.g., cyclopentadiene, 
methylcyclopentadiene, ethylcyclopentadiene, propylcyclo 
pentadiene, isopropylcyclopentadiene, butylcyclopentadi 
ene, tert-butylcyclopentadiene, dimethylcyclopentadiene, 
and pentamethylcyclopentadiene; monoalcohols, e.g., 
methanol, ethanol, propanol, 2-propanol, butanol, 2-butanol, 
tert-butyl alcohol, isobutyl alcohol, amyl alcohol, isoamyl 
alcohol, tert-amyl alcohol, 2-methoXyethyl alcohol, 1,1 
dimethyl-2-methoXyethyl alcohol, 2-(N,N‘-dimethyl)ethyl 
alcohol, and 1,1-dimethyl-2-(N,N‘-dimethyl)ethyl alcohol; 
diols, e.g., 1,3-propanediol, 2-methyl-1,3-propanediol, 1,3 
butanediol, 1,3-pentanediol, 2,4-pentanediol, and 2-methyl 
2,4-pentanediol; [3-diketones; and P-keto esters, e.g., methyl 
acetoacetate, ethyl acetoacetate, butyl acetoacetate, and 
2-methoXyethyl acetoacetate. The coordinate compounds 
can have one or more kinds of these ligands coordinated to 
the center metal. Polynuclear compounds having tWo or 
more kinds of metal elements per molecule, such as double 
alkoXides, are also useful. 

[0079] The metal compounds containing the Group 2 
element include those represented by formula: 

QM 
[0080] Wherein M1 represents Mg, Ca, St or Ba; R8 and Rb 
each represent a halogen-substituted or unsubstituted alkyl 
group having 1 to 20 carbon atoms Which may contain an 
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oxygen atom in the carbon chain; and Rj represents an alkyl 
group having 1 to 4 carbon atoms. 

[0081] The metal compounds containing the Group 3 
element include those represented by the folloWing formu 

[0082] Wherein M2 represents Sc, Y, La, Ce, Pr, Nd, Pm, 
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb or Lu; Ra, Rb, and Rj 
are as de?ned above; Rc represents an alkyl group having 1 
to 8 carbon atoms; Rg represents an alkyl group having 1 to 
4 carbon atoms, A represents a straight-chain or branched 
alkanediyl group having 2 to 8 carbon atoms; p represents an 
integer of 0 to 3; and r represents an integer of 0 to 2. 

[0083] The metal compounds containing the Group 4 
element include those represented by the folloWing formu 
lae: 

Ra 

O 

/ >>M3TO_R°)4-p' 
O P, 

Rb 
Ra 

£0 O / >31 0 q' 0/ <4-q'>/2 
Rb 

Ra 

o Rk 

/ Mala. 
O , 

Rb I 

[0084] Wherein M3 represents Ti, Zr or Hf; Ra, Rb, R°, Rg, 
and A are as de?ned above; Rd represents a straight-chain or 
branched alkylene group having 2 to 18 carbon atoms; Rk 
and R1 each represent an alkyl group having 1 to 4 carbon 
atoms; p‘ represents an integer of 0 to 4; q‘ represents 0 or 
2; and r‘ represents an integer of 0 to 3. 

[0085] The metal compounds containing the Group 5 
element include those represented by the folloWing formu 
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lae: 

[0086] wherein M4 represents V, Nb or Ta; Ra, Rb, R°, Rd, 
Rg, and A are as de?ned above; p“ represents an integer of 
0 to 5; q“ represents 1 or 3; and r“ represents an integer of 
0 to 4. 

[0087] The compounds containing aluminum include 
those represented by the following formulae: 

[0088] wherein R8, R°, Rg, andAare as de?ned above; Rh 
represents a halogen-substituted or unsubstituted alkyl 
group having 1 to 20 carbon atoms Which may contain an 
oxygen atom in the carbon chain thereof or a halogen 
substituted or unsubstituted alkoXy group having 1 to 8 
carbon atoms; Ri represents an alkyl group having 1 to 4 
carbon atoms; p‘" represents an integer of 0 to 3; q‘" 
represents an integer of 0 to 2; and r‘" represents an integer 
of 0 to 2. 

[0089] The bismuth compounds include triaryl bismuth 
compounds, such as triphenyl bismuth, tri(o-methylphenyl) 
bismuth, tri(m-methylphenyl) bismuth, and tri(p-methylphe 
nyl) bismuth; trialkyl bismuth compounds, such as trimethyl 
bismuth; [3-diketone complexes, such as tris(2,2,6,6-tetram 
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ethylheptane-3,5-dionato)bismuth; cyclopentadienyl com 
pleXes, such as tris(cyclopentadienyl)bismuth and tris(meth 
ylcyclopentadienyl)bismuth; loWer alcohol alkoXides, such 
as tri(tert-butoXy) bismuth, tri(tert-pentoXy) bismuth, and 
triethoXy bismuth; and ether alkoXides, such as tris(1,1 
dimethyl-2-methoXyethoXy)bismuth. 
[0090] The lead compounds include alkyl-substituted 
[3-diketonates, such as bis(acetylacetonato)lead, bis(heXane 
2,4-dionato)lead, bis(S-methylheXane-2,4-dionato)lead, 
bis(heptane-2,4-dionato)lead, bis(heptane-3,5-dionato)lead, 
bis(2-methylheptane-3,5-dionato)lead, bis(S-methylhep 
tane-2,4-dionato)lead, bis(6-methylheptane-2,4-dion 
ato)lead, bis(2,2-dimethylheptane-3,5-dionato)lead, bis(2,6 
dimethylheptane-3,5-dionato)lead, bis(2,2,6 
trimethylheptane-3,5-dionato)lead, bis(2,2,6,6 
tetramethylheptane-3,5-dionato)lead, bis(octane-2,4 
dionato)lead, bis(2,2,6-trimethyloctane-3,5-dionato)lead, 
bis(2,6-dimethyloctane-3,5-dionato)lead, bis(2,2,6,6-tet 
ramethyloctane-3,5-dionato)lead, bis(3-methyloctane-3,5 
dionato)lead, bis(2,7-dimethyloctane-3,5-dionato)lead, 
bis(S-ethylnonane-2,4-dionato)lead, bis(2-methyl-6-ethyl 
decane-3,5-dionato)lead, and bis(6-ethyl-2,2-dimethylde 
cane-3,5-dionato)lead; ?uoroalkyl [3-diketonates, such as 
bis(1,1,1-tri?uoropentane-2,4-dionato)lead, bis(1,1,1-trif 
luoro-5,5-dimethylheXane-2,4-dionato)lead, bis(1,1,1,5,5,5 
heXa?uoropentane-2,4-dionato)lead, and bis(1,3-diper?uo 
roheXylpropane-1,3-dionato)lead; and ether-substituted 
[3-diketonates, such as bis(1,1,5,5-tetramethyl-1-methoXy 
heXane-2,4-dionato)lead, bis(2,2,6,6-tetramethyl-1-meth 
oXyheptane-3,5-dionato)lead, and bis(2,2,6,6-tetramethyl-1 
(2-methoXyethoXy)heptane-3,5-dionato)lead. 
[0091] In the above-illustrated formulae, the halogen 
substituted or unsubstituted alkyl group having 1 to 20 
carbon atoms Which may contain an oXygen atom in the 
carbon chain as represented by R'‘‘, Rb, and Rh includes 
methyl, ethyl, propyl, isopropyl, butyl, sec-butyl, tert-butyl, 
isobutyl, amyl, isoamyl, sec-amyl, tert-amyl, heXyl, 1-eth 
ylpentyl, cycloheXyl, 1-methylcycloheXyl, heptyl, isoheptyl, 
tert-heptyl, n-octyl, isooctyl, tert-octyl, 2-ethylheXyl, tri?uo 
romethyl, per?uoroheXyl, 2-methoXyethyl, 2-ethoXyethyl, 
2-butoXyethyl, 2-(2-methoXyethoXy)ethyl, 1-methoXy-1,1 
dimethylmethyl, 2-methoXy-1,1-dimethylethyl, 2-ethoXy-1, 
1-dimethylethyl, 2-isopropoXy-1,1-dimethylethyl, 2-bu 
toXy-1,1-dimethylethyl, and 2-(2-methoXyethoXy)-1,1 
dimethylethyl. The alkyl group having 1 to 8 carbon atoms 
as represented by RC includes methyl, ethyl, propyl, isopro 
pyl, butyl, sec-butyl, tert-butyl, isobutyl, amyl, isoamyl, 
sec-amyl, tert-amyl, heXyl, 1-ethylpentyl, cycloheXyl, 1-me 
thylcycloheXyl, heptyl, isoheptyl, tert-heptyl, n-octyl, isooc 
tyl, tert-octyl, and 2-ethylheXyl. The straight-chain or 
branched alkylene group having 2 to 18 carbon atoms as 
represented by Rd is one derived from glycols, including 
1,2-ethanediol, 1,2-propanediol, 1,3-propanediol, 1,3-bu 
tanediol, 2,4-heXanediol, 2,2-dimethyl-1,3-propanediol, 2,2 
diethyl-1,3-propanediol, 2,2-diethyl-1,3-butanediol, 
2-ethyl-2-butyl-1,3-propanediol, 2,4-pentanediol, 2-methyl 
1,3-propanediol, and 1-methyl-2,4-pentanediol. The alkyl 
group having 1 to 4 carbon atoms represented by Rg, R], and 
Ri includes those represented by R0 which have 1 to 4 carbon 
atoms. The alkanediyl group having 2 to 8 carbon atoms 
represented by A includes ethylene, propylene, butylene, 
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[0092] The solvent that can be used to dissolve the source 
compound includes alcohols, e.g., methanol, ethanol, 2-pro 
panol, and n-butanol; acetic esters, such as ethyl acetate, 
butyl acetate, and methoxyethyl acetate; ether alcohols, such 
as ethylene glycol monomethyl ether, ethylene glycol mono 
ethyl ether, and ethylene glycol monobutyl ether; ethers, 
such as furan, pyran, tetrahydrofuran, tetrahydropyran, eth 
ylene glycol dimethyl ether, diethylene glycol dimethyl 
ether, triethylene glycol dimethyl ether, and dibutyl ether; 
ketones, such as acetone, ethyl methyl ketone, methyl butyl 
ketone, methyl isobutyl ketone, ethyl butyl ketone, dipropyl 
ketone, diisobutyl ketone, methyl amyl ketone, cyclohex 
anone, and methylcyclohexanone; hydrocarbons, such as 
hexane, cyclohexane, methylcyclohexane, ethylcyclohex 
ane, butylcyclohexane, dimethylcyclohexane, heptane, 
octane, benZene, toluene, and xylene; cyano-containing 
hydrocarbons, such as acetonitrile, 1-cyanopropane, 1-cy 
anobutane, l-cyanohexane, cyanocyclohexane, cyanoben 
Zene, 1,3-dicyanopropane, 1,4-dicyanobutane, 1,6-dicyano 
hexane, 1,4-dicyanocyclohexane, and 1,4-dicyanobenZene; 
aliphatic polyamines, such as diethylamine, triethylamine, 
dibutylamine, tributylamine, ethylenediamine, N,N‘-tetram 
ethylethylenediamine, N,N‘-tetramethylpropylenediamine, 
diethylenetriamine, triethylenetetramine, tetraethylenepen 
tamine, pentaethylenehexamine, 1,1,4,7,7-pentamethyldi 
ethylenetriamine, and 1,1,4,7,10,10-hexamethyltriethylene 
tetramine; and nitrogen-containing heterocyclic compounds, 
such as pyrrole, imidaZole, pyraZole, pyridine, lutidine, 
pyraZine, pyrimidine, pyrrolidone, imidaZolidine, pyraZoli 
dine, piperidine, piperaZine, and morpholine. These solvents 
can be used either individually or as a mixture of tWo or 

more thereof, Which depends on the solubility of the solute, 
the relation betWeen the boiling point or ignition point of the 
solvent and the temperature of using the solution. 

[0093] The cleaning liquid that can be used in the CVD 
and ALD applications includes the above-recited solvents 
and halogen-containing solvents, such as chloroform, 
dichloroethyl ether, dichloropropane, trichloroethylene, 
trichloroethane, and trichlorobenZene. 

[0094] The method of using the ?uid feeding apparatus of 
the present invention is described beloW, taking, for 
instance, feeding a liquid source through a single feed line. 

[0095] The path of the source in the apparatus While fed is 
shoWn in FIG. 3. While the source is fed, the cleaning line 
and the Waste collection line are closed to operate the source 
feed line alone. An inert gas is introduced into the source 
container through the inert gas feed pipe B, and the ?uid is 
delivered from the container to a process through the source 
feed pipe. 

[0096] Cleaning of the feed line necessitated by exchange 
of source containers is carried out as folloWs. Before the 
source container is removed, the collection container is 
evacuated, and the source remaining in the feed line is draWn 
into the collection container along the path shoWn in FIG. 
4. 

[0097] The cleaning liquid container is pressuriZed by an 
inert gas While the collection container is evacuated so that 
a cleaning liquid is made to ?oW through the system as 
shoWn in FIG. 5. The cleaning liquid thus cleans the paths 
and enters the collection container. 
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[0098] The cleaning liquid feed line is closed. Gas is then 
fed through the inert gas feed pipe B to bring any residual 
liquid to the collection container as shoWn in FIG. 6. 
Thereafter, the valve 17 is closed, and the valve 19 is opened 
to conduct inert gas purging, during Which the collection 
container is maintained evacuated. 

[0099] The valves 6 and 7 are closed, the joints C-1 and 
C-2 are disconnected, and the source container is exchanged 
for another one. After the exchange, the path indicated in 
FIG. 7 is evacuated of the air. Where the source material is 
highly reactive With the air or easily absorbs an air compo 
nent, the containers may be exchanged With the valves 6 and 
7 kept open While purging the path of from valves 9 to 6 and 
the path from the valves 15, through the valves 14, 16, 22 
and 11, to the valve 7 With the inert gas. 

[0100] The operation for exchanging cleaning liquid con 
tainers is shoWn in FIG. 8. The liquid remaining in the path 
indicated in FIG. 8 is transferred into the collection con 
tainer by pressuriZing With an inert gas and evacuating the 
collection container. Then, the valve 17 is closed, and the 
valve 19 is opened, thereby the path is purged With the inert 
gas. After these tWo steps are repeated at least once, the 
valve 17 is closed, the valve 19 is opened, and the system is 
evacuated of the air. 

[0101] If necessary, the folloWing additional cleaning step 
may be carried out after the source in the path is transferred 
to the collection container as shoWn in FIG. 4 and before the 
cleaning liquid is made to ?oW in the path shoWn in FIG. 5. 

[0102] The source container is evacuated, and the inert gas 
is fed to draW the remaining source in the path into the 
source container through the route shoWn in FIG. 9. 

[0103] The cleaning liquid is made to ?oW along the path 
indicated in FIG. 10. The amount of the cleaning liquid to 
be used for the cleaning is 2 to 50 times, preferably 5 to 10 
times, the amount of the liquid source remaining in the 
source container. 

[0104] The mixed liquid in the source container is trans 
ferred to the collection container through the path shoWn in 
FIG. 11 by pressuriZing the source container With the inert 
gas and evacuating the collection container. 

[0105] The above-described additional cleaning step is 
effective to increase the cleanness betWeen the valves 2, 5, 
and 3 controlling the passage in the container pipe C-2 and 
the connecting pipe C. 

[0106] The additional cleaning step is also applicable to 
source dilution. For example, the source in the source 
container can be diluted With a diluent by replacing the 
cleaning liquid container With a diluent container containing 
the diluent and performing the same operation as in the 
above-mentioned additional cleaning step. The diluting step 
is useful When a pyrophoric source, classi?ed into class 3 of 
haZardous material under the Fire Service LaW, Japan, such 
as trimethylaluminum should be rendered non-pyrophoric 
by dilution With an appropriate solvent. 

[0107] The ?uid feeding apparatus according to the 
present invention is effective Where the ?uid to be fed is 
susceptible to the outer environmental in?uences. The appa 
ratus ?nds applications in delivering a precursor in CVD and 
ALD processes, an etchant in a dry or Wet etching process, 
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a sample in a high precision analysis process, a drug for 
medication, or food and drink. 

[0108] The present invention Will noW be illustrated in 
greater detail With reference to Example and Evaluation 
Examples, but it should be understood that the invention is 
not construed as being limited thereto. 

EXAMPLE 

[0109] A concrete con?guration of the ?uid feeding appa 
ratus according to the invention is illustrated in FIG. 12. 
This con?guration is designed for application to a multi 
source CVD or ALD process using tWo sources. 

Evaluation Example 1 

[0110] The apparatus shoWn in FIG. 1, Which is designed 
to feed a single source, Was operated as folloWs using 
tetra(tert-butyl) hafnium as a source and hexane as a clean 

ing liquid. The cleaning liquid (hexane) Was made to ?oW at 
a rate of 300 g/min for 20 seconds in each cleaning opera 
tion. The cleanness of the source feed line Was evaluated by 
the hafnium concentration of the cleaning liquid collected in 
the collection container determined by ICP-mass spectrom 
etry. 

[0111] (1) Source Feeding Step 

[0112] The cleaning line (valves 15, 12, 14, 13, 16, 22, and 
8) and the collection line (valves 11, 20, 17, 19, 18, and 21) 
Were closed. Valves 9, 6, 4, and 1 Were opened, and argon 
gas (inert gas) Was introduced into the source container 
through the thus opened path. At the same time, valves 2, 5, 
7, and 10 Were opened to feed the source through the thus 
opened feed path. During the feeding, the valve 3 Was kept 
closed. 

[0113] (2) Cleaning Step 
[0114] With the valves 15, 12, 14, 13, 16, 22, and 8 closed, 
the valves 18 and 21 Were opened to evacuate the collection 
container. The valves 1, 2, and 10 Were closed, and the 
valves 17, 20, 11, 7, 5, 3, 4, 6, and 9 Were opened to draW 
the ?uid remaining in the piping into the collection container 
by introducing the inert gas through the opened path. Then, 
the valve 9 Was closed, and the valves 15, 12, 13, 16, and 8 
Were opened, With the valve 14 closed. The cleaning liquid 
container Was pressuriZed With the inert gas, While the 
collection container Was evacuated, Whereby the cleaning 
liquid Was made to ?oW and clean the path. 

[0115] (3) Purging Step 
[0116] The valves 15, 12, 14, 13, 16, 22, and 8 Were closed 
to close the cleaning liquid line. The collection container 
Was evacuated through the valves 21 and 18. With the valves 
1, 2, and 10 closed, the valves 17, 20, 11, 7, 5, 3, 4, 6, and 
9 Were opened, and the inert gas Was fed from the inert gas 
feed pipe B to transfer the liquid remaining in the path to the 
collection container. The valve 19 Was opened, and the 
valves 17 and 18 Were closed to purge the path With the inert 
gas. The collection container Was maintained at reduced 
pressure. The paths through Which the residual liquid and the 
purging gas passed Were heated to 80° C. 

[0117] (4) Exchange of Containers 

[0118] After the steps of cleaning folloWed by purging 
Were repeated 10 times, the valves 4, 5, and 3 Were closed. 
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The valves 6 and 7 Were opened, and the valves 14, 16, 22, 
11, and 7 Were also opened. The inert gas Was introduced 
from the inert gas feed pipes B and A to purge the path of 
from the valve 9 through the valve 6 and the path of from the 
valve 15 and through the valves 14, 16, 22, 11, and 7 With 
the inert gas. While the paths Were purged, the joints C-1 and 
C-2 Were disconnected to exchange the source container for 
another one. After the container exchange, the paths exposed 
to the outer atmosphere Were evacuated to expel the air from 
the paths. The cleaning liquid collected in the collection 
container Was sampled for every cleaning operation to 
determine the hafnium concentration. 

[0119] (5) Evaluation Results 

Collected Hafnium 
Cleaning Liquid Concentration 

1st 104 ppm 
3rd 22 ppm 
5th 4 ppm 
6th 1 ppm 

10th 0.2 ppm 

Evaluation Example 2 

[0120] The steps from source feed to exchange of con 
tainers of Evaluation Example 1 Were repeated 9 times. The 
?uid feeding apparatus Was taken apart to see if any sub 
stance such as a decomposition product of the source Was 
attached to the inner surface of the joints C-1 and C-2 and 
the valves 7 and 10 With the naked eye and a ?ber scope. As 
a result, no deposit Was observed. 

Evaluation Example 3 

[0121] The apparatus shoWn in FIG. 1, Which is designed 
to feed a single source, Was operated as folloWs using 
tetrakis(dimethylamino)hafnium as a source and hexane as a 

cleaning liquid. The cleaning liquid (hexane) Was made to 
?oW at a rate of 300 g/min for 20 seconds in each cleaning 
operation. The cleanness of the source feed line Was evalu 
ated by the hafnium concentration of the cleaning liquid 
collected in the collection container determined by ICP 
mass spectrometry. 

[0122] (1) Source Feeding Step 
[0123] The source Was fed through the source feed pipe 
according to the same procedures as in Evaluation Example 
1. 

[0124] (2) Cleaning Step 
[0125] The valves 15, 12, 14, 13, 16, 22, and 8 Were 
closed. The collection container Was evacuated With the 
valves 21 and 18 open. The ?uid remaining in the piping Was 
draWn into the collection container by introducing the inert 
gas through opened valves 17, 20, 11, 7, 5, 3, 4, 6 and 9, With 
the valves 1, 2, and 10 closed. Then, the valves 4, 6, and 9 
Were closed, and the valve 1 Was opened. After an elapse of 
a certain time, the valve 1 Was closed. The valves 18, 17, 20, 
11, 7, and 5 Were closed, the valves 15, 12, 13, 16, 8, 6, 4, 
3, and 2 Were opened, and a predetermined amount of the 
cleaning liquid Was made to ?oW into the source container. 
The valves 15, 12, 13, 16, 8, 6, 4, 3, and 2 Were closed, the 






